Among more than 100 extrasolar planets discovered, a few are confirmed to be in a binary system. However, most stars in the galaxy are in binary or multistellar systems; hence, they are considered to have been born as such systems, probably together with some planets. It is, therefore, expected that the number of planets discovered orbiting binary systems will increase.
The condition of planetesimal accretion: Accretion of planetesimals results in planets. The accretion occurs, only when the rebounding velocity of planetesimals after a collision ·v col is smaller than their surface escape velocity vesc, that is,
where is the restitution coefficient and v col is the collision velocity. Usually, the gravitational acceleration of the planetesimals is small; hence v col is nearly equal to the relative velocity at sufficient large separation v∞, i.e. v col v∞. The motions of the planetesimals can approximately be regarded Keplarian around the barycenter of the binary system, where the binary masses m1,2 concentrate. Then, v∞ is expressed in terms of the eccentricity ep and Keplarian velocity vK around the barycenter as v∞ epvK. Substituting this equation into Eq. (1), we obtain
The restitution coefficient is uncertain but must be less than unity. Hence, we will adopt the following sufficient condition instead of Eq. (2); epvK ≤ vesc.
We call the largest ep to fulfill Eq. (3) the "critical eccentricity" ecrit, which is given by
where a is the semimajor axis of the planetesimal, m its mass, ρ its internal density, and M (= m1 + m2) the total mass of the binary stars.
Numerically, we can rewrite Eq. (4) as
where m 10 22 g and ρ 1 g cm −3 are typical values. Additionally, taking the value of MACHO-97-BLG-41 lens system, we assume that the total binary mass M is 0.76 M (M is the solar mass). Then,
If the planetesimal eccentricity ep is smaller than ecrit, the accretion occurs; otherwise, the planetesimals disrupt.
Numerical Method: We perform long-term numerical integrations in order to see the pumped-up planetesimal eccentricities as the coplanar elliptic restricted three-body problem. We neglect mutual gravity and collisions of planetesimals, and compute the orbits of 5000 independent planetesimals simultaneously with initial circular orbits around the barycenter of the binary system. We adopt the binary semimajor axis aB = 1.8AU and the binary mass ratio m2/(m1 + m2) = 0.16M /(0.6 + 0.16)M (= µ), estimated from the microlensing observation (Bennett et al. 1999) . As for the binary eccentricity eB, two cases are examined, i.e., eB = 0.1 and 0.4 (Moriwaki & Nakagawa 2002) . Figure 1 shows the planetesimal eccentricity ep against initial semimajor axis at t = 10 3 , 10 4 , and periods for the cases of binary eccentricity eB = 0.1 (Fig. 1 Left) and 0.4 (Fig. 1 Right) . In this figure, we find that planetesimal eccentricities ep gradually increase with time. Additionally, the excited planetesimal eccentricities in the case of eB = 0.4 are larger than in the case of 0.1. In a small semimajor axis a, ep is greater than unity, that is, those planetesimals are ejected from the system. In the outer region, we found that the maximum ep at the fixed a is proportional to a −1 ; ep ∝ a −1 . Note that the dashed lines are analytical estimation based on the secular perturbation theory, where the origin of the coordinate system is the barycenter of the binary system. Then, the estimated equation is given by
Results:
with the condition of eB > 0.1. Since we consider µ = 0.16/(0.6 + 0.16), we can rewrite Eq. (7) ep 3 2 aB a eB
The numerical and analytical results are very well in agreement.
A planet accretion zone: We estimate the inner boundary of planetesimal accretion zone, using the above analytical expressions. Substituting Eq.(6) into Eq. (8), we obtain the inner boundary radius a planet as a planet 282.3 aB 10AU 
Taking the value of MACHO-97-BLG-41 lens system, aB is 1.8 AU. Then, the accretion of planetesimals is possible when the initial semimajor axis is lager than 19 AU in the case of binary eccentricity e = 0.1, and 48 AU in the case of binary eccentricity e = 0.4. We consider that planets are formed in this zone; a ≥ a planet . However, in the MACHO-97-BLG-41 system, the most likely distance between the planet and the barycenter of the binary system a is 7 AU. This distance a is smaller than a planet (= 19 AU or 48 AU). Probably, we suspect that the planet was once formed in the above accretion zone (a ≥ a planet ) and migrated from the zone to 7 AU. This migration mechanism is future work.
